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In future linear e+e−-colliders, the beam-beam interaction will strongly affect the
experimental conditions. A short overview over the main effects of this interaction
and the resulting background is given. Emphasis is put on the case of CLIC at a
centre-of-mass energy of 3TeV.
1 Introduction
A number of international working groups are studying the feasibility of fu-
ture high energy linear e+e−-colliders, as well as the conditions for physics
experiments in these machines. The main projects are TESLA, JLC, NLC,
and CLIC 1. Sample parameters of these projects are shown in Table 1 on
page 2. Some of the projects have a variety of parameter sets and JLC even
has two acceleration frequencies. In the following, an overview over the most
important beam-beam eects in these machines is given, with an emphasis on
CLIC at a centre-of-mass energy Ecm = 3 TeV. Since this machine is planned
on a somewhat longer timescale than the others, the background studies have
started only recently. In general, the normal conducting machines (i.e. all but
TESLA) should, at the same centre-of-mass energy, have background levels of
the same order of magnitude. TESLA diers because of the long pulse duration
which allows the bunches to be separated by ≈ 300 ns. CLIC diers because
of the high centre-of-mass energy.
2 Beam-Beam Effects
2.1 Pincheffect
In an electron-positron collider the particles of each beam are accelerated to-
wards the centre of the oncoming bunch by the electric and magnetic forces. In
the proposed colliders, this eect is so strong that the transverse dimensions
of the bunches are signicantly reduced during the collision, leading to the
so-called pincheect. This enhances the luminosity typically by a factor 1:5{2
compared to the one without pincheect for the proposed machines. Since it is
hard, if not impossible, to treat this problem analytically, simulation programs
have been developed which include also most of the following eects2 3. The
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Table 1: The parameters of the main projects.
name TESLA NLC/JLC CLIC
Ecm [TeV] 0.5 0.8 0.5 1.0 0.5 3.0
L [1034cm−2s−1] 3.1 5.7 0.65 1.3 0.63 14.6
fr [Hz] 5 3 120 120 200 75
Nb 2820 4500 95 95 150 150
b [ns] 337 189 2.8 2.8 0.67 0.67
N [1010] 2.0 1.4 0.95 0.95 0.4 0.4
z [m] 400 300 120 120 50 30
x [m] 10 8 4.5 4.5 1.88 0.6
y [m] 0.03 0.01 0.1 0.1 0.1 0.01
x [nm] 553 391 332 235 196 40.4
y [nm] 5 2 5 4 4.5 0.6
 [%] 2.8 4.7 3.8 9.1 3.6 32
nγ 1.6 1.5 1.16 1.5 0.8 2.5
N? 44 63 9.8 18.4 2.9 135
NH 0.23 0.6 0.07 0.33 0.022 7.8
NMJ [10−2] 0.61 3.1 0.20 2.3 0.08 13
Ecm: centre-of-mass energy, L: actual luminosity, fr: repetition frequency, Nb: no of
bunches per train, ∆b: distance between bunches, N : no of particles per bunch, : bunch di-
mensions at IP, γ: normalised emittances, Υ: average beamstrahlung parameter, : average
energy loss, nγ : no of photons per beam particle, N?: no of particles from incoherent pair
production, produced with p? > 20MeV;  > 0:15, NHadr: hadronic events, NMJ: minijet
pairs p? > 3:2GeV=c (numbers are for p? > 10 GeV=c).
pinch eect calculated by these programs has been successfully compared to
SLC data 4. In the following, the program GUINEA-PIG is used.
Since the trajectories of the particles are bent, they emit a radiation that is
equivalent to synchrotron radiation and is called beamstrahlung. The number
of emitted photons typically is of the order of one per beam particle and they
are quite hard. The particles therefore loose a signicant amount of energy
during the collision ranging from about 3 % for the machines at Ecm = 0:5 TeV
up to 40 % for CLIC at Ecm = 5 TeV.
2.2 Coherent Pair Creation
A photon can turn into an electron-positron pair in a strong magnetic eld.
For machines with a centre-of-mass energy of 1 TeV or less, this eect is either













































































Figure 2: The total and fractional luminosity close to the nominal centre-of-mass energy as
a function of x.
high energies, the number of particles produced is signicant compared to the
original bunch charge. It is therefore necessary to include it in the simulations.
2.3 Luminosity Spectrum
Because of the energy loss due to beamstrahlung the centre-of-mass energy of
the electron-positron collisions can dier from the nominal one. The same eect
arises from initial state radiation. In all low energy designs the beamstrahlung
is kept to a level where it is comparable to this eect, see Fig. 1 for CLIC. At
high energies the energy loss is larger in order to achieve high luminosity. It is
however possible to trade o luminosity versus sharpness of the spectrum. In
Fig. 2 the absolute luminosity with Ecm > 0:99Ecm;0 and Ecm > 0:95Ecm;0 is
shown for dierent transverse beam sizes x. Also the fraction of luminosity
in this region is given. The eect of the beam energy spread and the initial
state radiation are ignored in this comparison.
To illustrate the eect of the trade o, Fig. 3 shows the resolution of a top
threshold scan with CLIC for dierent horizontal beam sizes. The t resolution






































































Figure 4: The energy spectrum and transverse distribution of the coherent pair particles in
CLIC at Ecm = 3 TeV.
section. The case with the highest beamstrahlung is best, since the gain in
luminosity outweighs the smearing of the spectrum.
3 Background
3.1 Coherent Pairs
The simulation of the coherent pair creation predicts 3.4, 2 · 105, 8 · 108 and
2:9 · 109 pairs per bunch crossing for Ecm = 0:5, 1, 3 and 5 TeV, respectively.
The spectrum of the particles at Ecm = 3 TeV peaks at E ≈ 100 GeV, see
Fig. 4. They initially have small angles. An electron that flies in the same
direction as the electron beam is focused by the positron beam and thus starts
to oscillate. A positron flying in the same direction is defocused by the positron
beam and can reach relatively large angles. While these particles still enter the
mask around the quadrupoles, the secondaries they produce can be a hazard
to the detector if they hit material. The nal quadrupoles provide an (almost
eld free) exit hole. Its required radius can be estimated from Fig. 4. The






































Figure 5: The energy spectrum of the spent beam at different centre-of-mass energies (left).
The spectrum of electrons and positrons in the spent electron beam at Ecm = 3 TeV.
the minimum particle angle. In TESLA at Ecm = 0:5 TeV the total energy
lost per bunch crossing due to incoherent pair production and bremsstrahlung
is of the order 106 GeV per bunch crossing. To reach a comparable level in
CLIC an exit hole subtending an angle of the order of 10 mradian is necessary.
3.2 Spent Beam
Due to the pinch eect, the transverse emittance of the beam will be signi-
cantly increased after the collision. In addition, particles can loose a signicant
fraction of their energy. The beam line that extracts the spent beam from the
interaction point has to be able to transport all these dierent energies. Fig-
ure 5 shows the energy spectrum of the beam particles in CLIC after the
interaction for Ecm = 0:5 TeV and Ecm = 3 TeV. The rst case is only slightly
more dicult than the other low-energy machines, the dierence being due to
the larger beamstrahlung parameter. In the high energy machine the number
of particles at very low energies is signicant. A large fraction of these particles
is produced by coherent pair production, as can be seen in the righthand part
of Fig. 5.
3.3 Incoherent Pairs
The production of e+e− pairs through two-photon processes can lead to sig-
nicant background. It is important at all energies. The main contribution
arise from ee → ee(e+e−), eγ → e(e+e−) and γγ → (e+e−). The photons are
from the beamstrahlung. The processes involving one or two beam particles
can be approximately calculated using the equivalent photon approach. This
also allows the eects of the beam size and the strong beam eld onto the cross













Figure 6: Particles from incoherent pair creation after the collision. Each dot presents one






















































Figure 7: The particle density in the vertex detector as a function of the radius for constant
coverage angle. The longitudinal hit density for Bz = 4 T.
3.4 Impact on the Detector
Incoherent pairs can have rather large angles to the beam axis, so they can pro-
duce signicant background in the detector, especially in the vertex detector.
In Fig. 7 the density of particles that hit the inner layer of a vertex detector is
shown as a function of the radius of this layer. The angular coverage is kept
constant at | cos | < 0:98 and dierent magnetic elds are used. The steep rise
observed at one point in each of these curves corresponds to the edge in the
scatter plot in Fig. 6. The longitudinal distribution of actual hits produced by
the particles is shown in Fig. 7, based on GEANT simulations of a magnetic
eld of 4 T and dierent radii. It is relatively uniform except for low radii
where the ends of the detector are hit by the particles below the edge in Fig. 6.
While the other particles hit a small area in the front and back of the
detector only, secondaries produced by them can cause signicant background.
To prevent this, the nal quadrupoles are surrounded by tungsten masks, as
shown in Fig. 6. The thickness of these masks is chosen to suppress primarily
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photons; about 5{10 cm seems sucient5. In the case of TESLA, the outer
angle of this mask can be as low as 83 mradian.
Low-energy electrons and positrons are also scattered back. The eld of
the main solenoid guides these particles directly into the vertex detector region,
as it guided the low-energy particles out in the rst place. The increase of hits
in the inner layer of the vertex detector due to this eect can be a factor ten5.
However almost complete suppression of the backscattering can be achieved by
introducing an inner mask, with an inner radius smaller than that of the vertex
detector. This mask consists of a tungsten layer towards the quadrupoles and
layer of a low-Z material towards the detector. Charged particles penetrate
this layer with a small probability of interaction. So, low-energy secondaries
have to pass a signicant length of material loosing energy by ionisation before
exiting the mask. For CLIC and JLC similar systems are foreseen. For CLIC
they are not yet simulated. This inner mask should be instrumented in order
to be able to measure the total electromagnetic energy deposited in it for
luminosity instrumentation as will be explained below.
3.5 Measuring the Luminosity
The experiment needs a precise absolute measurement of the luminosity and
its spectrum. In contrast, the machine needs a fast relative measurement to be
able to tune beam parameters during operation. The transverse osets between
the two beams in the interaction point can easily be determined using beam
position monitors and corrected using small correction dipoles. An increase of
the spot size is more dicult to detect. A common reason for this increase is
a longitudinal shift of the vertical beam waist.
Several signals can in principle be used to optimise the luminosity 6. For
example measuring the rate of particles that emitted bremsstrahlung of a cer-
tain hardness. Also the total energy deposited by the incoherent pairs in the
inner mask can be used. Maximising it, by changing the position of the verti-
cal waist for example, leads to optimal luminosity. The beamstrahlung can be
used in some cases but not as straightforwardly as the other options.
3.6 Hadronic Background
In two-photon collision hadrons can also be produced. The total cross sec-
tion for this process is not dominated by the pair production of quarks. In
most cases one or both of the photons interact as hadrons (once- and twice-
resolved processes). For the total cross section dierent estimates exist, the
one used in Tab. 1 is a pessimistic version of a parametrisation due to Schuler
and Sjo¨strand 7. Hadronic background especially aects the reconstruction
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of masses. In the top threshold scan, it can also increase the rate of non-top
events which are incorrectly accepted as top events5. The number of events per
bunch crossing is signicantly lower than one at Ecm ≤ 1 TeV but increases
drastically towards higher energies (≈ 8 in CLIC at Ecm = 3 TeV). In the
normal conducting designs very fast detectors are necessary to distiguish the
dierent bunch crossings. While most of these events produce visible energy 5
only a small fraction, the minijet events, are hard.
3.7 Neutrons
Neutrons are produced in the electro-magnetic showers induced by the elec-
trons and positrons lost in the nal quadrupoles. They can be a hazard for the
vertex detector and a background source especially for the endcap calorimeter.
A former study of the TESLA detector with a somewhat dierent layout in-
dicated that the neutron levels were acceptable but close to the limit 5. Given
the uncertainty due to the dierent approximations made, conrmation that
this was not an underestimate is mandatory. Also the showers induced by
the beamstrahlung photons in the collimators can cause problems, even so the
study indicated that the inner mask can shield the vertex detector suciently.
4 Conclusion
The studies of the background induced by beam-beam interaction are far ad-
vanced at energies up to Ecm = 1 TeV. To gain more insight, reconstruc-
tion of interesting events including background has to be done. The study of
Ecm = 3 TeV has only just begun, oering an interesting and challenging eld
of investigation. In this regime, coherent pair creation plays an important role
and background levels increase signicantly.
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